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D E T E R M I N A T I O N  OF R H E N I U M  IN R H E N I U M  -- TUNGSTEN ALLOYS 

T e i  j i  Okubo and Masao Koj ima* 

ABSTRACT: Spectrophotometric determination of  rhenium 
according t o  thiourea method has been applied t o  r h e n i u m -  
t u n g s t e n  a l loy .  A sample o f  t h e  a l loy  was fused w i t h  a mix- 
t u re  of sodium carbonate and potassium n i t r a t e ,  and i t  was 
dissolved i n  water and t h e n  d i l u t e d .  
t ion containing 0.1 - 2.0 mg of  rhenium is taken i n  a volu- 
metr ic  f l a s k  and i t  is di luted to 100 m l ,  a f t e r  0.2 g of  
urea,  10 m l  of 50% c i t r i c  acid s o l u t i o n ,  25 m l  of concen- 
t r a t e d  hydrochlor ic  ac id ,  1 2  m l  of 5% thiourea so lu t ion  and 
6 m l  of 1 M stannous chlor ide i n  4 M hydrochloric acid so lu-  
t ion  b e i n g  added, more than 50 m i n u t e s  l a t e r ,  t h e  absorbance 
is measured a t  380 mu. 
rapid determination of  rhenium i n  rhenium-tungsten a l loy  
without separa t ing  any  rhenium from a la rge  quan t i ty  of 
tungs t e n .  

An a l i quo t  o f  t h e  solu-  

T h e  method can b e  appl icable  t o  t h e  

1 .  Introduction 

Several  d i f f e r e n t  methods have been t e s t e d  f o r  the  determination o f  t he  /1082** 
rhenium content  i n  rhenium -- tungsten a l loys .  
ana lys i s  with a-furyldioxime subsequent t o  the  anodic oxida t ion  o f  t he  t e s t  
sample, d i s so lu t ion ,  and ex t rac t ion  o f  the  rhenium with methyl e thyl  ketone 
[ l ] .  
t i o n  o f  t h e  sample with n i t r i c  acid -- hydrofluoric  ac id ,  d i s so lu t ion  i n  
ammonia water ,  and the  i s o l a t i o n  of the rhenium by ion exchange [ 2 ] .  Addi- 
t i o n a l  co lor imet r ic  methods a r e  decomposition i n  a similar way with n i t r i c  
ac id  -- hydrof luor ic  ac id ,  d i s so lu t ion  i n  sodium hydroxide s o l u t i o n ,  and mask- 
i ng  the  tungsten with t a r t a r i c  ac id ,  without decomposing the  a l loy  [3] ;  as  well  
as ca l c ina t ion  o f  the  t e s t  sample followed by a l k a l i  fus ing ,  then masking the  
tungsten with c i t r i c  ac id ,  and the  accomplishment of  t he  ana lys i s  with 
dimethylglyoxime [4]. 
e n t a i l i n g  decomposition and d isso lu t ion  a r e  q u i t e  complicated. 
tungsten with t a r ta r ic  o r  c i t r i c  ac id  is a use fu l  r ap id  ana lys i s  technique, 
and colorimetry with thiocyanic  ac id ,  o r  a a-furyldioxime, i s  h ighly  sens i -  
t i v e  and i s  genera l ly  appl ied i n  analysis  f o r  minute q u a n t i t i e s  of  rhenium. 
I t  i s  not  be l ieved ,  however, t h a t  these techniques a r e  s u i t a b l e  f o r  the  analy- 
sis of t he  a l l o y  as it i s  normally composed, owing t o  problems of  accuracy. 
Fur ther ,  when t h e  t e s t  samples a r e  thermally oxidized i n  t h e  presence o f  a i r  
or oxygen a t  5OO0C, [4], it i s  known t h a t  t he  h ighly  s t a b l e  oxide of rhenium, 
*The Tokyo I n d u s t r i a l  Research Labaratmy, I n d u s t r i a l  Technology I n s t i t u t e .  
Honmachi-1-chome, Shibuya-ku, Tokyo. . 

One o f  t hese  is  colorometric 

Another method i s  colorimetry with thiocyanic  ac id  following decomposi- 

In a l l  of the  above procedures,  however, t h e  operations 
Masking of  the  

/ lo83  

**Numbers i n  t h e  margin ind ica t e  pagination i n  t h e  fore ign  t e x t .  
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rhenium heptoxide,  has a high vapor pressure and sublimates a t  3 O O 0 C ,  o r  more, 
[ S I ,  and it is be l ieved  t h a t  t h i s  property w i l l  cause a negat ive devia t ion .  
In t h e  method previously reported by the w r i t e r s  [6] for t he  determination of  
rhenium with th iourea ,  no e f f e c t s  of the n i t r i t e  ion  have been observed. If 
the  n i t r i t e  i ons ,  which a re  formed during fus ing ,  a r e  d i s soc ia t ed  with u rea ,  
fus ing  may then be accomplished with sodium carbonate -- potassium n i t r a t e ,  
then the  tungsten blocked and masked by the  addi t ion  of  c i t r i c  ac id .  
method was appl ied i n  t h e  rap id  determination of t h e  rhenium content  i n  
rhenium -- tungsten a l loys  and the  completely s a t i s f a c t o r y  r e s u l t s  obtained 
a re  repor ted  below. 

This 

2.  Test  Materials and E q u i p m e n t  

2 .1  Test Materials 

50% c i t r i c  ac id  so lu t ion :  500 m l  of t h e  so lu t ion  was prepared by d i s -  
solving 250 g o f  reagent  grade c i t r i c  acid i n  water .  

Tungsten so lu t ion :  500 m l  o f  a so lu t ion  o f  9 .0  g of  sodium tungs ta t e  i n  
water  was prepared. 
tungs ten .  

1 m l  o f  the  so lu t ion  contained approximately 10 mg of 

Urea, anhydrous sodium carbonate,  and potassium n i t r a t e :  Reagent grades 
were used. 

The o t h e r  mater ia l s  were a l l  a s  previously reported [ 6 ] .  

2.2  EauiDment 

A l l  equipment was as previously reported [ 6 ] .  

3 .  Experiments and Results 

3 . 1  Analytical  Operations 

100 mg of  t he  t e s t  sample was re f ined  and placed i n  a platinum c ruc ib l e .  

When 

(Owing t o  the  extreme emission of  h e a t ,  care i s  requi red  t o  

Af te r  cool ing,  t h e  product 
A por t ion  o f  t he  t e s t  

A mixture of  3 g o f  powdered sodium carbonate and 1 g of powdered potassium 
n i t r a t e  were added and the  mixture was then gradually heated and fused.  
the  fus ing  agent melted, t he re  was a v io l en t  r eac t ion  as the  t e s t  sample 
became oxidized.  
prevent pene t ra t ion  o f  the  t e s t  sample i n t o  the  c ruc ib le  should t h i s  s t e p  
become p ro t r ac t ed  over a lengthy period o f  time.) 
w a s  d issolved i n  water t o  give 250 m l  o f  t h e  so lu t ion .  
s o l u t i o n  was taken i n  an amount containing 0 .1  -- 2.0 mg of rhenium and placed 
i n  a 100 m l  measuring f lask.  10 m l  of a mixture o f  50% c i t r i c  ac id  s o l u t i o n  
and 0.2 g of powdered urea  were added. 
t h e  urea  had d isso lved .  25 m l  o f  concentrated hydrochlor ic  ac id ,  1 2  m l  of a 
5% th iou rea  so lu t ion  and 6 m l  of  a 1 M stannous ch lor ide  - -  4 M hydrochlor ic  
ac id  s o l u t i o n  were added. 
100 m l .  The mixture was then well mixed and allowed t o  s e t t l e  f o r  50 minutes 

The mixture was then a g i t a t e d  u n t i l  

Water was then added t o  give a t o t a l  volume o f  
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o r  more u n t i l  co lor ing  was completed. The absorbance a t  390 my w a s  then 
measured and the  quan t i ty  of rhenium ca lcu la ted  on t h e  b a s i s  of a previously 
prepared re ference  l i n e .  
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3 . 2  

with sodium carbonate -- potassium n i t r a t e ,  
n i t r i t e  ions  are formed as a r e s u l t  o f  t h e  
decomposition of  t h e  n i t r a t e .  This effect  
blocks the  color ing of t h e  rhenium. The 
e f f e c t s  o f  t he  n i t r i t e  ions  on t h e  absorbance 

n - x x  y' 0 of rhenium, when a s o l u t i o n  of  potassium 
n i t r i t e  was added t o  a so lu t ion  containing 1 mg 
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Tests of t h e  Methodology 

3 . 2 . 1  Quant i ty  of C i t r i c  Acid: 
t he  addi t ion  o f  c i t r i c  a c i d ,  t he  tungsten p r e c i p i t a t e s  ou t  as a b lue  colored 
oxide,  t u rn ing  t h e  so lu t ion  cloudy b lue .  
t h e  p r e c i p i t a n t  is  f i l t e r e d  ou t ,  a very low l eve l  of  absorpt ion i s  evinced 
because the  rhenium is f i l t e r e d  out at the  same t i m e .  
o f  the  b lue  oxide can be prevented by adding c i t r i c  acid.  
f o r e  made o f  t he  quan t i ty  of tungsten present ,  and t h e  quan t i ty  o f  c i t r i c  ac id  
requi red  t o  mask i t .  

When a co lor ing  r eac t ion  is  attempted without 

Even though a l a r g e  proport ion o f  

However, t h e  formation 
A study was the re -  

The co lo r  r eac t ion  was t e s t e d  by adding c i t r i c  ac id  i n  va r i ed  q u a n t i t i e s  
t o  a s o l u t i o n  which contained 1 mg o f  rhenium and 5 - -  100 mg of  tungsten.  
The observed p r e c i p i t a t i o n  o f  t h e  blue oxide one hour and 20 hours fol lowing 
t h e  prepara t ion  of t he  so lu t ion  was as given i n  Figure 1. I t  was poss ib l e  t o  
prevent  t he  formation o f  t h e  p rec ip i t an t  by the  addi t ion  of 3 m l  o r  more o f  a 
50% c i t r i c  ac id  s o l u t i o n  per  10 mg of tungsten.  
100 mg o f  tungsten were n u l l i f i e d  when 30 m l  o f  c i t r i c  ac id  w a s  added, and it  
was s t i l l  poss ib l e  t o  make a color imetr ic  ana lys i s .  Fur ther ,  no effects on 
t h e  time requi red  f o r  t h e  determination o f  t h e  absorpt ion curve,  absorbance, 
and co lor ing  o f  the  rhenium th iou rea  mixture were observed t o  have been 
caused by the  add i t ion  o f  t h e  c i t r i c  acid.  

The effects o f  as much a s  

3 . 2 . 2  Effec ts  of t h e  N i t r i t e  Ions,  and t h e  
x x d  Quant i ty  of Urea Required t o  Offsgt  

-44' T h e m :  When the  t e s t  mater ia l  i s  fused 

Since a very small number of  n i t r i t e  ions  w i l l  cause a negat ive dev ia t ion ,  

potassium n i t r i t e  so lu-  

However, when 100 mg 

it w a s  decided t h a t  u r e a  should be added t o  d i s s o c i a t e  them. When a co lor ing  / lo84 
r eac t ion  was.induced i n  a mixture o f  10 m l  of a 0.1M 
t i o n  and a so lu t ion  o f  1 mg of rhenium, only about one-half  o f  t h e  usual  
absorbance was evidenced when 50 mg of u rea  was added. 
o f  u rea ,  o r  more, was added, it became apparent t h a t  t he  effects o f  t he  n i t r o u s  
ac id  were completely overcome. Further,  when 10 mg of metall ic rhenium and 
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100 mg of tungsten were prepared and fused i n  accordance with the  methodology 
descr ibed i n  3.1, above, and 1/10 o f  t h i s  quan t i ty  taken f o r  a t e s t ,  t h e  
absorbance, when u rea  was no t  used, was about 1/3 of t h a t  which should be 
an t i c ipa t ed .  However, when 50 mg, o r  more, o f  u rea  was used, absorbance 
normalized and the  expected value w a s  read. 
t h a t  the  n i t r i t e  ions formed during fusing are completely el iminated.  
2 g of  u rea  was added, no e f f e c t s  on the absorpt ion curve or on absorbance 
were observed. 

For t h i s  reason,  it is obvious 
When 

3 . 2 . 3  Tests W i t h  Synthesized Mater ia ls :  
5 - -  50 mg o f  m e t a l l i c  rhenium powder were 
prepared and powdered m e t a l l i c  tungsten added 
t o  t h i s  i n  an amount o f  about 100 mg i n  o rde r  
t o  synthesize a t e s t  sample. 
values obtained through the  operat ions 
described i n  paragraph 3.1, above, were as 
given in Table 1. 

The a n a l y t i c a l  

The devia t ions  during spectrographic  
analysis were minor, and it is bel ieved t h a t  
the  synthesized sample was equivalent  t o  the  
ac tua l  a1 loy . 

€ S O 2  soh.  (0.l.V) addcd, n d  

Figure 2 .  E f fec t  o f  Ni t r i te  
Ion. 

3 . 3  Analysis o f  the Actual Test Material 

Ten t e s t s  were made following t h e  procedures descr ibed i n  paragraph 
3.2.3,  us ing  about 80 mg of prepared thermocouple type 26% rhenium - -  tungsten 
a l l o y .  The measurement resu1'-s were i n  every case 25.6 f 0.6%, g iv ing  a s t a n -  
dard devia t ion  of 0.3%. .t 

Table 1. Analyt ical  T e s t  4.  Con cl u s  i oris 

_ ~ _ ~  . .- .... - --- - ~- __ ~ __-- -- 
Ktmlium Tunsrtcn Rhenium 

ukcn b h c n  ./--y---h----- \ 

( I n s )  (q) Dctc.rr:mcd (mg) Error (mz) 

3.18 91.43 5.23 + O . G  
_. __ -. __-- 

10.30 93.EG io.3a i 0.w 
15.62 8C.11 15.63 +0.01 
20.95 ' 80.75 21 . O j  +0.10 
m.74 Ga.39 30.2 40.46 , 

41.57 61.12 41.4 -0.17 

49.22 5?. E9 43.5 i 0 . 2 8  
~ 

but  it i s  not  poss ib l e  t o  apply t h i s  
method t o  a l loys  containing molybdenum and palladium, which, as it has been 
repor ted ,  mask t h e  rhenium. 

As t h e  above r e s u l t s  make c l e a r ,  it 
is poss ib l e  t o  make a has ty ,  y e t  accur- 
a t e ,  determination o f  the rhenium con- 
t e n t  i n  t h e  r ecen t ly  much demanded 
rhenium -- tungsten a l loys  by the  above 
descr ibed method. The impuri t ies  i n  
the  usual  rhenium - -  tungsten a l loys  a r e  
so minor t h a t  they may be disregarded,  
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